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@ Gas turbine engine fuel control system with enhanced relight capability. 



satisfactory combustion at G. to prevent compressor 
stall, but cannot drop below a predetermined level to 
guard against ftameout. Ramp F is repeated if sat- 
isfactory combustion does not occur. The fuel ramp 
l-J is varied from flat to positive slope depending on 
the ratio of the rate of change of high pressure 
compressor speed to a datum level in order to 
prevent a hung start and accelerate the engine until 
nomDal acceleration control laws K take over at J . 



@ A software-implimented relight fuel flow sched- 
uler is disclosed which controls fuel flow to the 
combustor of a turbofan aeroengine during in-flight 

2 relight procedures. The schedule includes the follow- 
ing elements. 

A first fuel ramp F, whose slope decreases with 

2 Increasing altitude, enables the combustor to light 
with minimum fuel flow for the altitude and thus 

2 helps to prevent overfueling. The fuel flow rate un- 

^dergoes a step reduction at H, after detection of 

O 
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GAS TURBINE ENGINE FUEL CONTROL SYSTEM WITH ENHANCED REUGHT CAPABIUTY 



This invention relates to electronic fuel control 
systems for gas turbine aeroengines, and in par- 
ticular to enhancement of such systems for the 
purpose of improving the reliability of relighting of 
the engines. 

To relight a turbofan or similar engine, the 
forward speed of the aircraft is used to Induce 
"windmllling" of the engines' bladed rotors due to 
impingement of the air stream on them. This pro- 
vides mechanical power for engine-driven acces- 
sories such as fuel pumps and enables a relight to 
be attempted using continuously operated electrical 
igniters in the combustor. 

Prior to the present invention, relighting gas 
turiilne aeroengines in flight was tackled by simply 
causing the fuel system to provide a nominally 
constant low fuel flow to the combustion chambers 
while the speed of the engine's high pressure 
spool Increased. Upon achievement of a satisfac- 
tory light-up. the system switched to a normal 
acceleration schedule of Increasing fuel flow to 
enable engine power to be built up to a satisfactory 
level. In order to cope with the effect of low air 
temperatures, a switch was provided to enable a 
higher constant fuel flow for relight at air tempera- 
tures below a certain predetermined value. 

Previously, such a relight fuel flow schedule 
was implemented in a hydromechanical fuel sys- 
tem, but with the advent of full authority digital 
electronic systems, the same type of relight sched- 
ule was merely transferred to them and Imple- 
mented in software rather than hardware. 

In the event of one or more of a civil aircraft's 
engines being extinguished, the ability of the en- 
gines to relight quickly and reliably is an important 
safety consldetation, particularly so in the case of 
extended range operations (EROPS). Unfortunately, 
reiightability of gas turbine aeroengines decreases 
with altitude. In general the fuel flow needed for 
ignition gets progressively higher with altitude, due 
to low air pressure at the entrance to the combus- 
tion chamber, but the precise fuel flow required for 
a satisfactory light-up becomes less predictable as 
altitude Increases. Consequently, in the unlikely 
event of an engine being extinguished at high 
altitude, existing fuel systems have made it neces- 
sary for the aircraft to descend to an altitude more 
favourable for relighting. This manoeuvre is un- 
desirable from a safety point of view, and the need 
for the aircraft to climb back up to the desired 
operating altitude imposes a fuel consumption pen- 
alty. 

The present Invention achieves more reliable 
relights at higher altitudes by using more sophisti- 
cated fuel control laws than have been hitherto 



incorporated in fuel control systems. 

According to a first aspect of the present in- 
vention, a relight fuel flow scheduler controls fuel 
flow to the combustor of a gas turbine aeroengine 

5 during an initial phase of an in-flight relight proce- 
dure by progressively increasing the fuel flow with 
respect to time from a low initial level towards a 
higher maximum level, thus enabling an electronic 
fuel control system In which the scheduler is incor- 

10 porated to seek out an optimum fuel flow for 
achieving satisfactory combustion. 

According to a second aspect of the invention, 
once satisfactory combustion has been achieved, 
the relight fuel flow scheduler adjusts fuel flow by 

75 means of a decrease thereof in order to prevent 
excessive heat release from the combustion pro- 
cess from causing the compressor of the aeroen- 
gine to stall, the decrease being less than that 
necessary to cause flame-out 

20 According to a third aspect, after the decrease 
in fuel flow, a satisfactory acceleration of the en- 
gine rotors to idling speed is achieved by compar- 
ing the acceleration of one of the rotors with a 
datum light-up acceleration schedule and adjusting 

25 fuel flow as necessary to at least maintain the 
schedule. 

The above relight fuel flow scheduler is prefer- 
ably implimented in software incorporated in an 
electronic fuel control system of the aeroengine 

30 and preferably comprises at least all three of the 
above aspects. 

The invention may be further defined as a 
relight fuel flow scheduler for controlling fuel flow to 
the combustor of a gas turbine aeroengine during 

36 an In-flight relight procedure, comprising at least 
the foltowlng elements: 

(i) means for seeking an optimum fuel flow 
for satisfactory combustion conditions at an altitude 
at which relight is being attempted; 

40 (11) means for testing for the existence of 

satisfactory combustion conditions and means for 
adjusting the fuel flow In accordance with the result 
of the testing to avoid misfuellng the engine; 

(ill) means for comparing the resulting accel- 

45 eration of an engine rotor with a datum light-up 
acceleration schedule and means for adjusting the 
fuel flow in accordance with the result of the com- 
parison to maintain at least tiie datum light-up 
acceleration schedule. 

50 The invention also includes the methods of 
controlling fuel flow to tiie combustor of a gas 
turbine aeroengine which are implemented by the 
above-mentioned relight fuel flow scheduler. 

Further aspects of the invention will be appar- 
ent from a perusal of the accompanying description 
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and claims. 

An embodiment of the invention will now be 
described, by way of example only, with reference 
to the accompanying drawings in which: 

Rgure 1 is a bioci< diagram illustrating in s 
simplified fonn a fuel control system for a triple 
spoof gas turbine aeroengine, which control system 
incorporates a relight fuel scheduler software mod- 
ule in accordance with the present invention: 

Rgure 2 is a prior art "light-up flat" type of io 
fuel flow control schedule; 

Rgure 3 shows a relight fuel flow schedule 
in accordance with the present invention: 

Rgure 4 Is an illustrative flow chart for the 
above-mentioned software module which is capable is 
of enabling the fuel control system of Rgure I to 
implement the fuel flow schedule of Rgure 3: and 

Rgure 5 illustrates a principle of detection of 
combustion quality useful for incorporation in the 
above-mentioned software. 20 

Referring first to Rgure 1. a control system 100 
controls the fuel flow 102 to a three spool gas 
turbine aeroengine (not shown), comprising low, 
intermediate and high pressure spools. In brief, the 
control system 100 comprises various units includ* 25 
ing a mechanical fuel pump 104, a pump spill 
return circuit 106, an electromechanical fuel flow 
metering unit 108, a main engine digital electronic 
control unit 110 incorporating a relight fuel sched- 
uler software module 1 1 1 , and a shut-off valve 112, 30 
which is integrated with the fuel metering unit 108. 

The fuel control unit has full authority over the 
fuel flow 102 to the aeroengine by means of fuel 
control signal 118 to the fuel metering unit 108. It 
may also have authority over other engine func- 35 
tlons. 

In operation, the fuel 122 at low pressure is 
pumped up to a high pressure in the fuel line 116 
by the fuel pump 104, the output of which is 
throttled by the fuel metering unit 108. The latter 40 
item controls the output of the pump 104 in accor- 
dance with the fuel control signal 118 produced by 
the fuel control unit 110. The fuel control unit 110 
receives a number of signals Sa and Se comprising 
respectively inputs from the aircraft flight station 45 
and inputs from various speed, temperature and 
pressure sensors in the engine. In the present 
case, signals Se include the high pressure spool 
speed N3. As known in the industry, the fuel flow 
control unit 110 applies certain predetermined con- so 
trol laws to the signals Sa and Se for normal and 
contingency control of the engine and thereby pro- 
duces the fuel control signal 118. However, in 
addition the relight fuel scheduler software module 
111 comprises a novel control law which when the 65 
engine requires relighting during flight above a 
certain altitude, overrides the other control laws 
and modulates the fuel control signal 118 to obtain 
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an appropriate fuel flow schedule R for relighting, R 
being the variation of fuel flow f with time t. 

Most of the time, including during operation of 
the relight scheduler, the engine requires less fuel 
than the pump unit 104 is capable of delivering. 
Hence, when the metering unit 108 is exercising its 
throttling function under command from the fuel 
control unit 110, there is a back pressure in the fuel 
line 116 causing opening of a bypass valve (not 
shown) controlling fuel flow through the spill return 
loop 106. This bypass valve may be within meter- 
ing unit 108 or pump unit 104. The excess fuel 
passed by the bypass valve then passes back to 
the inlet of the pump 104 for recirculation. 

Rnally, the metered fuel 102 is passed to the 
burners in the combustion chambers of the engine 
through the shut-off valve unit 112, whose purpose 
is completely to prevent fuel flow to the engine 
when the engine is shut down or before it is 
started, this being achieved by electrical actuation 
signals 124 from the flight station of the aircraft 

Regarding the fuel pump 104, this is driven by 
shaft 128 through a gear train (not shown) from one 
of the shafts of the aeroengine and its output is 
directly proportional to the speed at which It is 
driven. 

Although not indicated in the diagram, the con- 
trol system 100 is located on or adjacent the outer 
casings of the aeroengine. 

Tuming now to Rgure 2, there is shown a 
graphical representation of a typical prior art fuel 
flow schedule 200 for normal ground-level light-up 
of a turbofan engine, the same schedule also being 
utilised for relights. It will be seen that this sched- 
ule is expressed as a plot of fuel flow rate f against 
the rotational speed N3 of the engine's high pres- 
sure spool, and can be implimented in either a 
hydromechanicai control system or as a software 
module in an electronic unit. 

After opening of the fuel shut-off valve (112 in 
Rgure 1), schedule 200 Involves controlling the fuel 
metering unit 108 to provide a fuel flow to the 
combustion chambers which Is nominally constant 
with increasing h.p. spool speed N3. This is the so- 
called "light-up flat** characteristic. Given favoura- 
ble conditions, ignition of the fuel and properly 
sustained combustion occurs at some point 202 
along line 200. whereupon the control on the fuel 
flow is changed, preferably automatically, to con- 
fomn to a normal acceleration schedule 204 for 
which fuel flow f is increased with high pressure 
spool speed N3 until a satisfactory idling speed in 
achieved, from which the power of the engine can 
be increased in any desired way in accordance 
with other normal control laws. 

Because greater fuel flow is required for igni- 
tion when the air with which it is mixed in the 
combustion chambers is cold, an alternative "light- 
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up flat" schedule 200' is utilised when the ambient 
temperature is below a certain threshold value. 
This "cold-day enrichment" may be selectable by 
the pi ot or it may be provided automatically by the 
fuel control system. 

It win be seen from the above that the known 
"Ilghl-up flat" type of light-up and relight fuel 
schedule does not allow for the difficulties of igni- 
tion and sustained combustion at high altitudes, or 
for other known difficulties which can afflict tur- 
bofans (iiutng high altitude relights, such as com- 
pressor stall nv inadequate acceleration to a proper 
idling spoeo 

In contrast, the relight fuel flow scheduler soft- 
ware module 1 1 1 indicated in Rgure 1 does cope 
with such f vontiidbties. and its operation will now 
be explained v^ttn reference to Figures 3 to 5. 

The logic shown in the software flow chart of 
Rgure 4 controls the hardware to schedule the fuel 
flow in the foll'>wing major ways as seen in Rgure 
3: 

i) It seeks out the optimum fuel flow f for 
successful tgnition and combustion at the altitude 
at which relighting is t)eing attempted. It does this 
by gradually vKrcasing fuel flow with respect to 
time as a function of alt tude and preferably also air 
speed, as shown by ramp line F, within limits 
defined by A and B. which are also defined as a 
function ot altitude at least. 

ii) It tests tor the continued existence of 
satisfactory ccmtwstion conditions by comparing 
the rate of change of high pressure spool speed N3 
with a predetermined tower value of rate of change 
of N3, and by comparing the time taken for the rate 
of change of N3 to pass upwards through lower 
and upper predetermined values with predeter- 
mined time periods. If they are satisfactory, it stops 
the increase in fjel flow at G and causes a de- 
crement in fuel flow along line H. the magnitude of 
which is a function of altitude and preferably also 
air speed and also depends on the characteristics 
of the engine t/pe as determined by test data. 

iii) It compares the rate of change of N3 with 
that demanded by a datum light-up acceleration 
schedule control law incorporated in fuel control 
unit 110 for normal light-up procedures, maintain- 
ing fuel flow steady at the same rate along line I for 
as long as the actual acceleration of N3 is the 
same as or greater than the datum, but steadily 
increasing fuei flow along line J when the actual 
acceleration of Nj Is less than the datum, so as to 
restore a proper acceleration level. 

In addition, provision is made for a normal 
acceleration control law, represented by line K, to 
take over from the relight acceleration control law. 
represented by line J, at some point J determined 
by a highest wins logic. 

Looking at Figures 3 and 4 in more detail, the 



logic represented in Figure 4 is reiterated from 
START to END (but along varying paths as neces- 
sary) an appropriate number of times per second, 
say about nine or ten. The first decision made, at 

5 401. is whether or not the relight software module 
has been selected. In the first place this depends 
upon whether the pilot has selected the engine 
starting sequence by depressing a switch in the 
flight station linked to the control unit 110. Rgure 1. 

10 Note that igniters are also activated by the start 
switch. Assuming depression of the start switch, 
selection of the relight software module is auto- 
matic, depending on an input from another software 
module (not shown) in control unit 110 (Rgure 1) 

75 which monitors altitude and airspeed data present 
on the aircraft data bus against minimum altitude 
and airspeed limits. If both the monitored altitude 
and the monitored airspeed are above the mini- 
mum limits, an AND logic gives an output flag bit 

20 which if present triggers a YES from decision 401 
and if not present triggers the NO. In the latter 
case the logic goes to END and returns to START 
at the next iteration but in the former case the logic 
progresses to decision 403. 

25 Decision 403 examines a "light-up indicator", 
which is another flag bit in a register, indicating 
TRUE if the fuel is alight and FALSE if not. The 
flag is set by logic later in the sequence. If the 
light-up indicator is set FALSE, then the logic pro- 

so gresses to action 405, which calculates the lower 
and upper limits of allowable fuel flow for achieving 
ignition, these being shown as A and B respec- 
tively in Rgure 3. Limits A and B are calculated as 
a function of altitude, the function being fixed by 

35 reference to suitable altitude test cell an6 flight test 
calibrations for the engine type involved. In gen- 
eral, A and B will move closer together with in- 
creasing altitude. 

After action 405, decision 407 looks at a flag 

40 which indicates whether the fuel shut-off valve 112 
in Rgure 1 is open or closed. The flag is set by a 
positional feedback signal from the valve 1 12 to the 
control unit 1 10. If the pilot has not yet selected the 
valve open at the flight station, then the relight 

45 sequence has plainly not yet begun and all that 
remains is for action 409 to set the fuel flow to the 
lower limit A in readiness for relight selection dur- 
ing a later iteration of the relight logic sequence. A 
particular fuel flow setting, is of course achieved by 

50 causing the control unit 110 to output an appro- 
priate fuel control signal 118 to the fuel metering 
unit 108. 

Opening of the shut-off valve 112 after a de- 
cision 403 in the negative is what actually initiates 
55 the enhanced relight logic sequence as shown at 
point G in Rgure 3, a YES answer to decision 407 
allowing the logic to proceed to action 411, In 
which the required rate of Increase of fuel flow. Le. 
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steepness of ramp line F (angle $) in Rgure 3 Is 
calculated as a function of altitude and airspeed. 
Once again, the exact value of the function is 
derived from engine testing. However, before ac- 
tion 41 1 is implimented for the first time after valve 
opening, it is highly desirable that time is allowed 
for the fuel to flow from the shut-off valve 112 to 
the bumers (not shown) and become a properly 
atomised spray in the combustor. Consequerrtly. 
time delay 410 is triggered by opening of the valve 
112 and is present in the logic sequence between 
407 and 411 only during the first iteration after 
opening of the valve 112. During time delay 410 
the fuel flow rate allowed by metering unit 108 
remains constant at tiie lower limit A. as shown by 
horizontal line D. 

It should be noted that the steepness of line F 
may change quite rapidly in flight due to rapid 
changes in aircraft altitude and airspeed; the ar- 
chitecture of the software and its reiteration rate 
ensures that the fuel ramp rate-of-flow values are 
updated a number of times each second for as 
long as the light-up indicator 403 remains FALSE. 

Next tile software at 413 detects satisfactory 
fuel ignition, in terms of Ilght-up and light-round of 
tiie combustor, by monitoring tiie rate of change of 
high pressure spool speed. N3. The concepts of 
light-up and light-round will be explained before 
proceeding further. 

By means of test bed and flight test work with 
appropriately instrumented engines, it is possible 
with each engine type to categorise their fuel igni- 
tion characteristics with respect to: rapidity of initial 
formation of a strong flame at one location in tiie 
combustor. i.e. "light-up"; rapidity of travel of the 
flame circumferentially around the combustor from 
bumer-to-bumer, i.e. "light-round"; and rapidity of 
rise of temperature of gases in tiie turbine as a 
result of light-up and light-round, termed TGT rise. 

Several general pattems of light-up and light- 
round were identified in tests on a large modem 
turbo^ engine witiiout use of tiie enhanced con- 
trol of fuel scheduling disclosed herein. The pat- 
terns were: 

(1) Rapid light-up and light-round with fast 
T.G.T. rise. 

(2) Slow light-up and light-round witii fast 
T.G.T. rise. 

(3) Slow light-up and light-round with slow 
T.G.T. rise. 

(4) Slow light-up with slow T.G.T. rise fol- 
lowed by rapid T.G.T. rise on light-round. 

(5) Slow light-up witti fast T.G.T. rise, but 
unstable; appears to extinguish and relight repeat- 
edly. 

These pattems appeared in different zones of a 
plot of altitude against airspeed. Pattern 1 was 
ideal, being obtainable at low to medium altitudes 



(say up to 25000 feet) and over a wide range of 
airspeeds for "windmill" starts. Pattern 2 was ob- 
tained at altitudes somewhat above pattern 1, but 
only towards the low end of the airspeed range 

5 over which windmill starts are possible. Both pat- 
tems 1 and 2 generally produced satisfactory starts 
provided tiiat the subsequent fuel schedule was 
sufficient to drive the engine up to flight idling 
speed, a problem addressed by the present em- 

10 bodiment as described later. Patterns 3 and 4 were 
obtained at higher altitudes tiian pattern 2 (say up 
to 40000 feet) but at tiie low end of the airspeed 
range. Unless given special fuel scheduling as de- 
scribed herein, pattern 3 tended to result in inad- 

75 equate acceleration of the engine speed and pat- 
tern 4 in eitiier stalling of the compressor of non- 
acceleration of the engine. Pattern 5 occured at 
similar altitudes to patterns 3 and 4 but at some- 
what higher airspeeds. Again, it was inadequate to 

20 accelerate the engine to a proper idling speed, but 
proper fuel scheduling as disclosed herein can 
make it satisfactory. 

Returning now to consideration of action 413, 
mentioned previously, it will be explained in more 

25 detail how tiie rate of change of tiie N3 is used to 
check for satisfactory light-up and light-round. 

A simple way of achieving this, which we have 
found satisfactory for altitudes up to about 30000 
feet, is to compare the rate of change of high 

30 pressure spool speed N3 against a threshold value 
which is invariably achieved when light-up and 
light-round are satisfactory. This is illustrated in 
Figure 5, where on a plot of high pressure spool 
speed N3 against time t. the graph starts on a 

35 horizontal straight line at a low value of N3 repre- 
senting tiie spool rotational speed achieved by 
"windmilling" the engine. At point M. initial light-up 
is achieved as shown by tiie sudden acceleration 
of N3 expressed by slope di. Acceleration contin- 

40 ues tiirough point N on the graph, where rate of 
change of N3 reaches the tiireshold value O2. 
showing that light-up and light-round are accept- 
able. Threshold value B2 is achieved in time T after 
initial light-up, T being variable according to the 

45 quality of the start 

A more sophisticated version can accommo- 
date the light-up pattems found at greater altitudes, 
as well as tiiose found below 30000 feet. Again. 
Rgure 5 can be used to illustrate it. Instead of a 

50 single tiireshold value 02 of N3 acceleration being 
used, two are established, namely a lower thresh- 
old value B^ indicative of satisfactory initial light-up. 
and an upper threshold value $2 sufficiently greater 
than 01 that tiie time T taken for N3 to accelerate 

55 between them can be taken as a measure of the 
"goodness" of the start in terms of light-round. 
Hence, if time T is less than a certain calibrated 
value, tiien the start is acceptable. It should be 
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realised that 62 in tlie simple embodiment is not 
necessarily tlie same value as 92 in the more 
sophisticated embodiment, even though both are 
described with reference to Figure 5. 

For guidance, following tests on a large tur- 
bofan engine, the following values of T were adopt- 
ed as satisfactory for controlling duration of the 
light-up fuel ramp F and time of initiating the step 
decrement H in the ways Indicated. 

(i) If the lower and upper thresholds were 
achieved In less than three seconds, the fuel ramp 
was nevertheless continued for the full three sec- 
onds and then the step decrease was perfonmed 
immediately afterwards. 

ii) If the upper threshold was achieved be- 
tween three and twelve seconds after the lower 
threshold, the step decrease was performed imme- 
diately upon achieving the upper threshold. 

iii) If the lower and upper thresholds were 
achieved in a time greater than twelve seconds, 
this was taken to indicate a slow light-round, and 
the light-up fuel ramp was continued for a further 
five seconds. If during this period the upper fuel 
flow limit B was reached by virtue of the continued 
fuel ramping, then the step decrease was not ap- 
plied until the five seconds had elapsed, the fuel 
flow meanwhile remaining at the upper limit B. 

It should be emphasised however that the 
above values are merely exemplary and will differ 
as between different makes of turbofan and be- 
tween different marques of the same turbofan en- 
gine series. 

Continuing now at decision 415 in the logic 
diagram, and assuming that its output is NO, action 
step 419 compares the actual fuel flow rate (known 
from a flow meter connected to the control unit 
110) with the upper light up limit B (Rgure 3). If the 
actual fuel flow Is greater than limit B, meaning that 
the engine has failed to light properly during 
present fuel ramp F, decision 421 gives a YES 
output and action 423 resets the actual fuel flow to 
the lower limit A so that another fuel ramp F can be 
started in the next iteration, the relight fuel flow 
schedule effectively being begun again from point 
E. On the other hand, if the actual fuel flow is still 
less than limit 3 during the present iteration, de- 
cision 421 gives a NO result and the fuel ramp is 
continued through the next iteration. 

Returning now briefly to action 411, it has 
already been explained that the first part of the 
relight fuel schedule is a fuel ramp F whose steep- 
ness is carefully controlled so as to enable the 
optimum light-up fuel flow to be achieved for a 
particular altitude and forward speed. The fuel 
ramp causes a high fuel flow at light-up, and con- 
sequently, having lit there Is a large heat release, 
which could drive the engine's high pressure com- 
pressor into a stall condition, particularly at the 



higher altitudes. Consequently, having detected a 
satisfactory start at logic step 415 by checking the 
rate of change of N3 at 413, the logic step 417 
stops the fuel ramp at G and causes a step change 

5 downward in fuel flow along line H in order to 
prevent stall initiation. However, such a step 
change downwards is only practical because once 
having obtained a satisfactory light-up and light- 
round, the combustion process can be maintained 

70 at lower fuel flows; plainly, the reduction In fuel flow 
must not be such as to extinguish the flame. The 
maximum amount by which the fuel flow can be 
reduced at step H without flameout is detemnined 
by engine testing over the relight altitude range ( 

75 and also preferably the airspeed range) and this 
data is included in a lookup table in the software. 
This provides a baseline level of fuel flow below 
which the actual fuel flow is not allowed to fall. The 
actual amount of fuel flow reduction is a function of 

20 altitude (and preferably airspeed) and usually re- 
sults in a fuel flow somewhat higher than the 
baseline. Again, the function used is based on 
calibration tests. 

Before completion of the software iteration cy- 

25 cle. it will be seen that step 417. consequent on a 
satisfactory light-up being detected at 415. also 
sets the light-up indicator flag to TRUE so that on 
the next iteration, the logic branches in the YES 
direction at decision step 403 in order to enter a 

30 different subroutine for monitoring the continuing 
combustion situation. 

After a YES output from decision 403, a NO 
output from decision 425 indicates that the position 
of the shut-off valve 112 has been checked and it 

35 has been found to be closed. This shows that a 
"shut" command from the flight station has been 
received and impllmented. Consequently, it is nec- 
essary to set the light-up Indicator flag to FALSE at 
decision 427 in order to redatum the logic ready for 

40 the possibility of another relight attempt. A YES 
output from decision 425 indicates that the valve 
112 is still open and the logic then proceeds to 
decision 429, checking the rate of change of U9 
against a negative datum value of Na which has 

45 been found by testing to reliably indicate a flame- 
out. This allows for the possibility that after an 
apparently satisfactory light-up and light-round as 
validated by logic steps 413 and 415. the flame 
may still be extinguished because of a number of 

50 factors. In such a case, the output of decision 429 
will be YES and the light-up indicator flag must 
again be set to FALSE by action 431 so as to 
redatum the logic as before. 

Assuming now that decision 429 gives a NO 

56 output, indicating continuation of a successful light- 
up, action 433 then compares the rate of change of 
N3 with values contained In a datum light-up 
schedule which have been found by experience to 
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be necessary for a successful transition to flight 
idle speeds and normal control of tlie engine. Ac- 
tion 435 then controls the fuel flow as has already 
been explained in connection with lines I and J in 
Rgure 3. 

It should be pointed out that the use of high 
pressure spcol speed as an indicative engine con- 
dition or paraineter for judging connbustion con- 
ditions is not the only possibility. For instance. It 
would be possible to use turbine gas temperature 
or perhaps even the pressure of the air at the outlet 
from the last stage of the compressor. 

A problem which arises with the use of elec- 
trical signals such as that which represents high 
pressure spool spoed is that they can be noisy due 
to electrical or electromagnetic interference. This 
could for instance cause the step reduction of fuel 
to be triggered due to anomalously high values 
falsely Indicating a light-up. This can be countered 
by suitable ar^ak)gue or digital filtering of the sig- 
nals. For Instance, it is simple to implement a 
counter in the software which requires that the 
lower and^or upper limits of the rate of change of 
N3 (ai and Q2 in Figwe 5) must be passed by the 
rate of change of signal more than a specified 
number of times wtthtn a specified period In order 
to be considered valid. 



Claims 

1. In an electronic hjel control system (100), a 
relight fuel flow scheduler (111) for controlling fuel 
flow (102) to the combustor of a gas turbine 
aeroengine dunng an in-flight relight procedure, 
characterised by at least the following elements: 

(i) means (405.41 IJ 10.108) for seeking an 
optimum fuel flow for satisfactory combustion con- 
ditions at an altitude at which relight is being at- 
tempted; 

(ii) means Ml 3) for testing for the existence 
of satisfactory combustion conditions and means 
(417,110.108) for adjusting the fuel flow in accor- 
dance with the result of the testing to avoid mis- 
fueling the engine; 

Oil) means (433) for comparing the resulting 
acceleration of an engine rotor with a datum light- 
up acceleration schedule and means (435,110.108) 
for adjusting the fuel flow in accordance with the 
result of the comparison as necessary to maintain 
at least the datum iight-up acceleration schedule. 

2. A relight fuel flow scheduler according to 
claim 1 characterised in that said means 
(405.411,110.108) for seeking an optimum fuel flow 
(102) comprises means for progressively increas- 
ing fuel flow from a lower predetermined limit (E) 
towards an upper predetermined limit (G) at a rate 
(0) which is a function of altitude at least 



3. A relight fuel flow scheduler according to 
claim 2 characterised in that the rate of increase (B) 
of fuel flow is a function of both altitude and air- 
speed. 

5 4. A relight fuel flow scheduler according to 

any one of the preceding claims characterised in 
that said means (413) for testing for satisfactory 
combustion conditions comprises means for mea- 
suring the value of the rate of change of an indica- 

10 tive engine condition (N3), comparing said mea- 
sured value with a predetermined threshold value 
{B2) of the rate of change of sad engine condition, 
and giving an indication of satisfactory combustion 
conditions If said measured value is not less than 

16 said predetermined threshold value (02). 

5. A relight fuel flow scheduler according to 
any one of the preceding claims, characterised in 
that said means (413) for testing for satisfactory 
combustion conditions comprises means for mea- 

20 suring the time (T) taken for the rate of change of 
said engine condition to pass upwards through 
predetermined bw and high threshold values 
(By ,B2) thereof and means for comparing said mea- 
sured time (T) with at least one predetennined time 

25 period and giving an indication of satisfactory com- 
bustion conditions if said measured time is not 
greater than said at least one predetermined time 
period. 

6. A relight fuel flow scheduler according to 
30 claim 1. claim 4 or claim 5 characterised in tiiat 

said means (417) for adjusting the fuel flow in 
accordance with the result of the testing comprises 
means for causing a decrease (H) in fuel flow if the 
combustion conditions are satisfactory and means 
35 for varying tiie magnitude of the decrease (H) 
being as a function of altitude at least. 

7. A relight fuel flow scheduler according to 
claim 6 characterised in tiiat said means (417) for 
adjusting the fuel flow in accordance with the result 

40 of the testing comprises means for causing a de- 
crease (H) in fuel tiow if tiie combustion conditions 
are satisfactory and means for varying the mag- 
nitude of the decrease (H) as a function of altitude 
and airspeed. 

45 8. A relight fuel flow scheduler according to 
any one of claims 4 to 7 characterised in tiiat tiie 
indicative engine condition Is high pressure spool 
speed (N3) or turt^ine gas temperature. 

9. A relight fuel flow scheduler according to 
50 any one of claims 4 to 7 characterised in that the 

indicative engine condition is compressor exit pres- 
sure. 

10. A relight fuel flow scheduler according to 
any one of the preceding claims characterised in 

55 that said means (433) for comparing the resulting 
acceleration of an engine rotor with a datum iight- 
up acceleration schedule comprises means for 
comparing the rate of change of the high pressure 
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spool speed (Ns) with said datum. 

11. A relight fuel flow scheduler according to 
claim 1 or claim 10 characterised in that said 
means (435.110,108) for adjusting the fuel flow 
(102) in accordance with the result of the compari- 5 
son comprises means for maintaining a constant 

fuel flow (I) for as long as the actual acceleration of 
the rotor is the same as or greater than the datum, 
and means for steadily increasing fuel flow (J) so 
as to restore a proper acceleration level when the to 
actual acceleration Is less than the datum. 

12. An electronic fuel control system (100) 
characterised by a relight fuel flow scheduler (111) 
in accordance with any one of the preceding 
claims. 

13. An electronic fuel control system (100) ac- 
cording to claim 12 and further characterised by 
highest wins logic means for enabling a normal 
acceleration control law (K) to take over from the 
relight fuel flow scheduler when accelerations un- ao 
der control ol the former become greater than 
accelerations under control of the latter. 
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